An extremely large number of genes have been associated with autism. The functions of these genes span numerous domains and prove challenging in the search for commonalities underlying the conditions. In this study, we instead looked at characteristics of the genes themselves, specifically in the nature of their transposable element content. Utilizing available sequence databases, we compared occurrence of transposons in autismrisk genes to randomized controls and found that transposable content was significantly greater in our autism group. These results suggest a relationship between transposable element content and autism-risk genes and have implications for the stability of those genomic regions.
Introduction
Transposable elements (TE) extensive study of copy number variants (CNV) in the condition found that on average CNVs tended to occur in and around genes belonging to one of three functional domains: 1) cell proliferation, 2) cell motility, and 3) GTPase/ Ras signaling [4] . While these findings aid in understanding how these genes factor into the etiology of autism, it doesn't answer why such a vast range of genes are targeted and how those mutations occur. The purpose of this study was to elucidate whether these types of mutations are increased in autism due to an inherent genomic instability of these regions in the human genome. The causes for such mutations may vary. For example, individuals with LiFraumeni syndrome, an autosomal dominant disorder characterized by increased risk to various neoplasms, exhibit genomes enriched in CNVs suggesting that these variants may predispose towards the genomic instability which gradually characterizes advanced stages of tumorogenesis [5] . While the chromosomal rearrangements which typify advanced cancer are an extreme example for comparison to autism, tendencies towards instability may be similar, targeting related groupings of inherently less stable genes. "Weaker genes" may therefore be inherited, as seen in Fragile X syndrome and its CGG-trinucleotide repeats, or environmentally induced as shown in a number of cancers [6, 7] . In addition, some instances of CNV show a strong relationship with their resident TE, such as the Drosophila melanogaster Cyp6g1 gene, the culprit for some fruit flies' adapted resistance to DDT [8] .
As discussed, the human genome contains close to 50% TE content but the majority of these elements are transpositionally extinct.
However, though they may no longer be capable of motility or replication, they may still affect local DNA conformation, interaction with binding partners leading to alterations in gene expression, and the overall stability of the local genomic region [9] [10] [11] . These are the reasons we wished to investigate a potential relationship between autism-risk genes and the occurrence of TE within those gene regions.
Experimental procedures
The newest version of AutismKB database, "nonsyndromic_list20121018, " was downloaded from the website [3] . Our autism-risk genes were selected according to Total Score, a system which ranks from 0-50. Each gene's rank is a compilation of scores comprising 1) genomewide associations studies, 2) expression studies, 3) copy number variants studies, 4) linkage studies, 5) low-scale association studies, and 6) other low-scale association studies. In order to select those sequences with stronger association to autism, we collected a listing of genes with rankings greater than or equal to 10 [N = 441, following exclusion criteria below]. Our 441 control genes were then selected utilizing the random gene generator available through RSAT, which provides a listing of protein-coding Ensembl ID's [12, 13] . From our randomized group, genes were cross-checked against the AutismKB database and excluded if listed therein. We then downloaded the RefSeq database, "gene2refseq, " and cross-checked all our samples, removing any which do not occur within RefSeq so as to exclude those genes which do not appear within the TranspoGene database (downloaded: 3/12/13). All transposable content from Human Genome 17 (hg17) was downloaded from the TranspoGene database [14] . Once all data were collected, due to the nature of our distributions, for our first analysis a nonparametic Kuiper test was performed which addressed the relationship of total TE content by group. Both our full data set and a reduced set (excluding zero-values) were analyzed. For our second analysis, a logistic regression was applied, utilizing TE content as our independent variable and group (autism v. control) as our dependent variable. Please note that this data is reflective of the state of current knowledge at the time of acquisition, which may be subject to change as databases are updated (for full data set, see Appendix 1).
Results and discussion
Our autism and control groups were built using data from two databases, AutismKB Overall, 67% of the genes from our autism sample housed TE while only 48% of our control group exhibited the same ( short interspersed elements (SINE), long terminal repeats (LTR), and DNA transposons in these seven autism-rich candidate genes originally reported in Girirajan et al., 2013 [18] . Note that four of the seven genes which house CNVs which break or disrupt the genes contain unusually large numbers of transposable elements (> 1000), an occurrence which only occurs in the top 2% of the autism-risk genes within our own study. HYDIN, though not containing > 1000 TE, nevertheless contains relatively large TE content. This study echoes the findings of our own, suggesting increased risk of mutation with higher TE content. At present, only FHIT is included within the current version of the AutismKB database and therefore shares overlap with our data set. Translational Neuroscience
